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Novel Spiro Phosphinite Ligands and Their opposite enantiomer of the ligand cannot be easily synthesized

Application in Homogeneous Catalytic because of the unavailability of the appropriate carbohydrate

Hydrogenation Reactions starting materials. This limitation renders the catalyst useless
when an opposite enantiomer of the product is desired.

Albert S. C. Chan,* Wenhao Hu, Cheng-Chao Pai, and The most important advantage of chiral phosphinite ligands

Chak-Po Lau over the corresponding phosphine ligands is the easiness of

preparation. The synthesis of phosphinites by reacting the corre-
sponding alcohols with chlorophosphines in the presence of an
organic base is very convenient, and the yields are usually quan-
titative. From a practical standpoint, it is of substantial interest
to develop highly effective chiral phosphinite ligands for asym-
metric catalysis. In this paper, we report the synthesis, charac-
terization, and application of a novel class of highly effective
chiral phosphinite ligands that contain a spiro backbone.
Union Laboratory of Asymmetric Synthesis ~ Noyori and co-workers suggested that the highly skewed
Chengdu Institute of Organic Chemistry  position of the naphthyl rings in BINAP was the determining
Academia Sinica, Chengdu, China factor for the ligand to be so effective in asymmetric catalytic
: reaction$ A comparison of the structure of BINAP with that
Receied March 26, 1097 of the less-effective BINAPO [2;2is(diphenylphosphinoxy)-
The homogeneous catalytic asymmetric hydrogenation of 1,1-binaphthyl] ligand? reveals two possible reasons for the
prochiral olefins is one of the most important advancements in difference in their effectiveness as chiral ligands in homogeneous
modern organic synthesisFor the asymmetric hydrogenation catalysis. (1) The oxygen atoms in BINAPO increase the
of prochiral enamides, the use of rhodium catalysts containing distance between the chiral binaphthyl moiety and the,PPh
chiral phosphine ligands has been found to be the most groups and therefore decrease the influence of the binaphthyl
successful. The successful asymmetric hydrogenatio@)ef ( functionality on the stereopositions of the phenyl rings of the
2-acetamido-3-(3-methoxy-4-acetoxyphenyl)acrylic acid with PPh group. Consequently there is less control of stereoselec-
Rh(DIPAMP)' catalyst was developed by Knowlesal.to be tivity in the catalyst-substrate interaction. (2) The presence
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a commercial process for the production eDopa? More of the G-O—P bond in BINAPO substantially increases the
flexibility of the backbone and consequently decreases the
cozH M, coM W com enantioselectivity of the catalyst.
dz(muc Rh(DIPAMP)* Ao o N (1) In our recent pursuit of the design and synthesis of novel
H, — = ’ chiral ligands, we have found an excellent opportunity both to
aco. OCMs AcO’ OCH wo' o test these hypothesis and to develop a class of highly effective
95% c.c. L-Dopa chiral phosphinite ligands. Our new chiral phosphinite ligands,

. namely 1R),5(R),6(R)-1,6-bis(diphenylphosphinoxy)spiro[4.4]-
recently, the development of Rh(BINAP)RU(BINAP);" and nonane (abbreviateR-spirOP,1) and 16),5(S),6(9-1,6-bis-
Rh(Duphos) catalysts have attracted much attention. In (giphenylphosphinoxy)spiro[4.4Jnonane (abbreviaBezhirOP,
contrast, the development of chiral phosphinite ligands for ) are hased on the use of a rigid spiro backbone which mimics
asymmetric hydrogenation has been less success&o. far the binaphthyl rings in BINAP in its influential state (skewed

no chiral phosphinite ligand has been found to give the same ysjtion). Since the spiro backbone is totally rigid, the small
high enantioselectivity as the best chiral phosphine ligands.

Recently Selkeet al. developed a series of aryl 4®+(R)-

]
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benzylidene-2,3-bis-diphenylphosphinop-p-glucopyrano- PR H o PP
sides and found them to be effective chiral ligands for rhodium o 3z s Q
catalysts in the asymmetric hydrogenation of dehydroamino acid " %
derivatives’ The disadvantage of this type of natural-product- H H
based ligand is its chirality being limited by mother nature: the | R spirop 2 5 spitOP
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Table 1. The Rh()*-Catalyzed Asymmetric Hydrogenation of
(2)-2-Acetamido-3-arylacrylic Acids
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Table 2. The Rh()*-Catalyzed Asymmetric Hydrogenation of
(2)-2-Acetamido-3-arylacrylic Acid Methyl Estérs

coH Rh()]* coatt COMe Rh(D)]* \ <C°’M°
/=< +H, ——  HC /=< + H, Hic
. NHCOMe Latm, 25°C NHCOMe K NHCOMe latm, 25°C o NHCOMe
entry substrate (R) ee (%) entry substrate (R) ee (%Y
1 Ph 97.9 1 Ph 95.7
2 4-CI-Ph 97.3 2 4-CI-Ph 94.2
3 2-ClI-Ph 97.3 3 4-F-Ph 95.5
4 3-CI-Ph 97.4 4 4-Br-Ph 96.3
5 4-NO,-Ph 97.0 5 4-MeO-Ph 96.2
- — - ) 6 4-Me-Ph 95.6
aReaction conditions: 1 atm of ZHambient temperature; 10 min 7 o) 97.2
reaction time; substrate/catalyst 100 (M/M); solvent= methanol; U/
>099.9% conversion was observed in all casekhe ee values were 8 949

determined by chiral GLC with a Chrompack Chirasi\fal column

after converting the products to the corresponding methyl esters. The
R configuration was obtained for all products. Same results were
obtained when RI2)™ was used as catalyst except that all products
were in theS configuration.

ooy
o
@ Reaction conditions: 1 atm of AHHambient temperature; 10 min

reaction time; substrate/catalyst 100 (M/M); solvent= methanol;

Wh tionic rhodi talvst tainif 2 >09.9% conversion was obtained in all caseshe ee values were
en a cationic rhodium catalyst containig(or 2) was determined by chiral GLC with a Chrompack Chirasial column.

used in the asymmetric hydrogenation of 2-acetamidoacrylic The R configuration was obtained for all products. Same results were
acid at ambient temperature and under 1 atm pfthe desired  obtained when RI2)* was used as catalyst except that all products
2-acetamidopropionic acid was obtainedifi9.9% conversion  were in theS configuration.
and >99.9% enantiomeric excess (ee). Under similar condi-
tions, the asymmetric hydrogenation of the methyl ester of The enantioselectivity of RAf* [or Rh(2)*] in the asym-
2-acetamidoacrylic acid gave99.9% conversion to the cor-  metric hydrogenation of the methyl esters dj-@-acetamido-
responding hydrogenation product in 99.0% ee. These results3-arylacrylic acids was also found to be very high (Table 2).
These results clearly show the high potential for the gen-
OR eral application of these catalysts in the asymmetric hydrog-
:(: +H () enation of prochiral enamides. More importantly, these re-
NHCOMe sults also shed light on the design of enantioselective chiral
phosphinite catalysts: the use of a rigid backbone to compen-
sate for the excess of flexibility caused by the G—P bonds
in the phosphinite can significantly improve the enantioselec-
tivity of the chiral catalysts. This understanding opens a new
frontier for the design and synthesis of simple and selective
catalysts.

It is of interest to note that although phosphinites are con-
sidered to be unstable in protic solvents, in this study we have
found both Rh{)* and Rh2)™ to be quite stable in methanol

/solution. On the basis of the results of!® NMR study, there
was no appreciable decomposition of the complexes in methanol
at ambient temperature for 2 days. Since the turnover rates of
hydrogenation were extremely fast, the stability of these
complexes during reaction was certainly not a problem.

In conclusion, we have developed a novel, highly effective
chiral phosphinite ligand for the catalytic asymmetric hydro-
genation of enamides. The remarkably high catalytic activity
and enantioselectivity of its rhodium complex for the hydro-

[Rh(COD)(I)]BF, OR
——» CH

2
1 atm, 25 °C,
substrate/cat. = 100,

NHCOMe

>99.9% conversion
R =H,>99.9% e.c.
R =Me, 99.0% e.e.

10 min.

compared very favorably with the best known chiral phosphine-
rhodium catalysts. For example, the ee values (%) of the
asymmetric hydrogenation of 2-acetamidoacrylic acid reported
in the literature are as follow$: 12 DIPAMP, 94; DIOP, 73;
CHIRAPHQOS, 91; BPPM, 98.5; BINAP, 67; BICP, 97.5; Et-
DuUPHQOS, 99.4. The rate of reaction with this new rhoditm
phosphinite catalyst was also very fast. When a substrate
catalyst ratio of 10 000 was used and when the reaction was
carried out at ambient temperature under 200 psigrt99.9%
conversion of 2-acetamidoacrylic acid to 2-acetamidopropionic
acid (96.8% ee) was observed in 1 h. Further studies of the
use of Rh{)™ [or Rh(2)™] in the asymmetric hydrogenation of
other prochiral enamides confirmed that the high enantioselec-
tivity of the catalyst was quite general. A variety a){2-
acetamido-3-arylacrylic acids were hydrogenated with this ; . . . -~
catalyst and in all Cases the desired products were found to9€nation of a variety of prochiral enamides indicated a good
have ee values of over 97%. More detailed data are sum- poteptlal for wide app|.I(.:atI0n of this class of catalysts:. Further
marized in Table 1. Again, these results compared very well studies of other transition metal complexes of this ligand and

with those obtained with the well-known chiral phosphine their application in asymmetric catalytic reactions are in
rhodium catalysts. For example, the ee values (%) of the PrO9ress.

asymmetric hydrogenation ofZ)-2-acetamidocinnamic acid
reported in the literature are as follows:*? DIPAMP, 95;
DIOP, 81; CHIRAPHOS, 89; BPPM, 91; BINAP, 84; BICP,
96.8; Et-DUPHOS, 99.
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